Adeno-associated Satellite Virus Growth Supported by a
Temperature-sensitive Mutant of Human Adenovirus (Accepted 28 August 197o) The defective nature of adeno-associated satellite virus (ASV) has been investigated in several laboratories. Heat-or u.v.-inactivated adenovirus does not support ASV growth (Hoggan, Blacklow & Rowe, 1966; Blacklow, Hoggan & Rowe, 1967 ). An incomplete growth cycle of human adenovirus 7 is known to take place in primary green monkey kidney (GMK) cells, where the virus DNA and some virus specific RNA are produced as well as the T antigen (Rapp, Feldman & Mandel, 1966; Baum, Weiss & Reich, I968) . Since ASV does not multiply in this system (Blacklow et aL I967) , it has been considered to date that ASV growth takes place only in cells co-infected with a competent helper adenovirus. We found that a temperature-sensitive mutant (ts ~3) of human adenovirus 31 (Ad 3I), recently isolated in our laboratory, helps ASV replication at its non-permissive temperature, 39.5 ° , as efficiently as the wild strain.
The prototype strain of ASV type 1 (ASV-I) was employed. Simian adenovirus SV 15 served as the helper for ASV (Ito & Mayor, 1968) . Human embryonic kidney (HEK) cells grown in 2 oz. bottles were inoculated with o.2 ml. ASV-1, previously heated at 6o ° for I5 min. to inactivate SV 15 present in the stock virus, followed by o.2 ml. of tSl 3 or the wild strain (w) ofAd3 I. ASV-free SV 15 was similarly inoculated into the cells as controls. Approximate input m.o.i, was lO TCD 5o in ASV-I, 3o p.f.u .in Ad 31 w, 4o p.f.u, in ts 13 and 5 p.f.u, in SV I5, respectively.
After absorption for 2 hr at 36°, the cell sheets were washed three times, overlaid with 5 ml. of maintenance medium (Eagle's basal medium without serum) and incubated in a water bath adjusted to 39.5 °. After 48 hr, the cells were harvested, frozen and thawed three times. Portions of the materials were used for infectivity titration of ASV-I and adenoviruses.
Tube titration of Ad3~ was employed as described previously (Shimojo et al. I966) . Plaque titration of SV 15 was performed in Vero cells, a cell line of GMK. Since ASV is defective, no direct titration is available, but specific antigen was detected in cells coinfected with helper adenovirus. For ASV titration, a micromethod was designed using Linbro plastic trays, MRC-96-U, which were previously sterilized by u.v.-irradiation. Earle's salt solution containing o'5 % lactalbumin hydrolysate and o.15 % bicarbonate (LE) was used as a diluent throughout the microassay. One drop (o.o2 ml.) each of serial tenfold dilutions of materials was put into each well. Four to six wells were routinely used per dilution. One drop of a dilution of SV 15 equivalent to an input m.o.i, of 3 to io p.f.u./ cell was added to each well, along with an equal volume of cell suspension. The cells, prepared by trypsinizing primary cynomolgus monkey kidney cell cultures, were suspended in LE supplemented with o.6 % bovine serum and contained about 2oo,ooo cells/ml. Control wells consisting of cells and helper virus only were regularly set up at each titration. The trays were kept in a CO2 incubator for 3 to 5 days at 37 °. The cells were harvested by freezing when the cytopathic effects of SV 15 were complete. Presence of ASV-1 antigen was determined in each well by a micro-immune-adherence test (Ito, 197o ) . The microcultures in trays were heated at 6o ° for 30 rain. to inactivate haemagglutinin of SVI5. Each well of the heated tray received one drop of highly specific antiserum against ASV 1 (Ito & Mayor, I968) and three drops of a mixture consisting of guinea-pig complement and human erythrocytes. Thereafter, the trays were sealed, shaken well and allowed to stand at 36 ° for I hr. Wells showing positive haemagglutination indicated the presence of ASV-I. The infectivity of ASV-I was calculated by the Reed & Muench method. ASV-I+Ad3I w 5"7 < 5 × IO ASV-I+tSI3 < 3"7 < 5×IO ASV-I alone < 3"7 < 5 x IO ASV-I+tsI3 < 3"7 < 5× Io time o Ad3I w alone 5"7 < 5× IO tsI 3 alone < 3"7 < 5 × IO SVI 5 alone 4"5 6"8 × IO ° SVl5+tsI3 4'2 I'3 × Io ~ Heated1" SV I5 alone < 3'7 < 5 x Io HeatedSVI5+tsi3 < 3"7 < 5 × xo * The identical materials were used with Expt. 2 in Table I . t Heated at 60 ° for I5 min. as similar to the pretreatment ofASV t.
As shown in Table I , the infectivity of ASVq increased as much as lo,ooo times from time o in HEK cells co-infected with ts I3 after 48 hr at 39"5 °-No difference was noticed in helper activity for ASV-I between ts I3 and w of Ad3I. As shown in Table 2 Previous studies on ts I3 (Suzuki & Shimojo, I97o) demonstrated that it is defective at an early stage of replication and that no virus DNA is synthesized at the non-permissive temperature. However, some early proteins (T antigen, thymidine-kinase and DNA polymerase) are produced in ts r3-infected cells. Some of these proteins may be essential for ASV replication but cannot be produced by ASV alone. From this hypothesis, it is difficult to explain the abortive nature of ASV growth in GMK cells infected with adenovirus 7 (Blacklow et aL ~967) .
In order to explain our results, it could be concluded that, in the adenovirus growth cycle the critical events which promote ASV replication must occur in ts mutant-infected cells, where neither the virus DNA nor the capsid antigen is synthesized. Similar results have been obtained recently by the use of ts mutants of avian adenovirus CELO (Ishibashi & M. Ito, in preparation).
